Abstract-The structure of chitin nanofibrils as a promising filler for bioresorbable suture materials and matrixes for cellular technologies and tissue engineering is investigated via the methods of X ray diffraction and scanning electron microscopy. It is shown that the powder microparticles obtained via lyophilization of an aqueous dispersion of chitin nanofibrils have a band structure with a cross sectional size of 30 μm and a thickness of 0.1 μm. The bands consist of nanoparticles 25 nm in thickness and 400-500 nm in length. The chitin nanofibrils are composed of two crystallites with cross sectional sizes of 11-12 nm and b axes perpendicular to the nanofibril axis. The chitin nanofibrils tend to form planar elements with a layered structure on both the microlevel and the nanolevel. The addition of chitin nanofibrils to a chitosan solution leads to a rise in its viscosity. However, the action of shear stresses leads to a substantial decrease in the chi tosan-chitin solution viscosity, a phenomenon that is due to the presence of planar anisodiametric nano particles of chitin.
INTRODUCTION
Currently, films [1] , fibers [2, 3] , and block materi als [4] based on the natural polysaccharides chitin and chitosan are widely used as effective sorbents in medi cine and pharmacology to separate and purify liquid and gaseous media [5, 6] . One of the most promising application directions of these polymers is the produc tion of matrixes for cellular technologies and tissue engineering [7] .
Chitin and chitosan have a set of properties required for their application in medicine and biology: biodegradability, environmentally friendly process ability, and high strength and deformation characteris tics. The main feature of these polysaccharide macro molecules is the presence of -NH-CO-CH 3 side groups of chitin and -NH 2 groups of chitosan in the glucopyranose cycle, the amount of which depends on the degree of chitin deacetylation.
The urgent problem of the development of resorb able matrixes for cellular technologies consists in the production of composite materials characterized by the bioresorption of both the matrix and the filler. It was shown in [8] that the introduction of anisodiamet ric nanoparticles into the chitosan matrix substantially increase the strength and elasticity modulus of com posite fibers. Therefore, chitin nanofibrils used as a filler in the production of nanocomposites of medial and biological application are of special interest. It is expected that the introduction of chitin nanofibrils into the polymer matrix will make it possible to form resorbable composite materials with increased stability of the physicomechanical characteristics in active bio logical media.
To obtain a composite material based on a polymer matrix and a filler from nanoparticles of various shapes, a uniform distribution of particles in the vol ume of the composite is required. This problem can be successfully solved with knowledge of not only the fea tures of the chemical structures of the matrix and the filler but also their supramolecular structures.
Chitin is a nitrogen containing polysaccharide [9] whose crystalline structure is characterized by poly morphism, i.e., the existence of two crystalline modi fications where macromolecules are antiparallel (α chitin) or parallel (β chitin) [10] [11] [12] . Both structural modifications with different functions can exist in one living organism.
The results of microscopic investigations of the structure of the chitin nanofibril that were obtained through different methods were presented in [13] [14] [15] [16] . The parameters of the crystal lattice of α chitin were determined via X ray diffraction in [10, 11, 13 ]. An analysis of this theme in the literature showed that the supramolecular structure of the chitin nanofibril has been studied poorly. The aim of the present study is to investigate the supramolecular structure of the chitin nanofibril and its influence on the rheological properties of chitosan solutions.
EXPERIMENTAL
The structure of the chitin nanofibril was investi gated with the use of two forms of samples: films and powders. Chitin films were prepared via drying of an aqueous dispersion with 31 mg/mL chitin nanoparti cles (Mavi Sud S.r.l, Italy) at 20°С for 24 h.
The chitin powders were obtained through lyo philization of the chitin suspension. The aqueous dis persion of chitin nanoparticles was frozen at ⎯4°С and then placed into a Labcocnco Free Zone Plus (United States) lyophilizer and held for 24 h. As a result, a powder consisting of microparticles was formed. Before the drying and lyophilization, the aqueous dis persion of chitin was treated with ultrasound (40 kHz, 45 W power) for 30 min.
A solution was prepared with the use of chitosan (Biochemika line, Fluka Chemie) with М = 255 × 10 3 and a degree of deacetylation of 80%. The chitin nanofibrils were dispersed in water via ultrasonic treat ment for 30 min, and then chitosan was added to the aqueous dispersion. The chitosan content in the dis persion was 4 wt %, and the chitin content was 0.05-20.0 wt % with respect to chitosan. This dispersion, with a pH of 4-5, was mixed for 30 min until the swell ing and partial dissolution of chitosan. A solution of acetic acid was introduced into the dispersion under constant mixing until there was 2% acid in the solvent. The obtained mixture of the chitosan solution with chitin nanoparticles was mixed for 1.5 h and then fil tered, and air was removed from it for 24 h at 0.1 atm pressure.
The structure was investigated via scanning elec tron microscopy on a Supra 55 VP microscope (Carl Zeiss) and X ray diffraction on a Bruker D8 DIS COVER diffractometer. Before the microscopic tests, gold was deposited on the sample via evaporation. The X ray investigations were performed in the θ-2θ scan ning mode using CuK α radiation. The preferred orien tation of the planes was determined from the MarchDolase coefficient [17] refined via the Rietveld method along with such parameters of structure as the sizes of coherent scattering regions and the unit cell parameters with the use of the program Bruker TOPAS 4.2.
The rheological tests were performed on a Physica MCR301 rheometer (Anton Paar) in a CC17 SN11329 coaxial-cylindrical measuring unit in the shear mode at 20°C at a deformation rate from 10 -6 to 10 3 s -1
. A 5 mL volume of the solution was placed in a cell for the investigation, and the dependence of vis cosity on shear rate was measured in the mode of increasing cylinder rotation frequency. On the basis of the obtained data, the values of the greatest Newto nian viscosity, yield point, and relaxation time were calculated through the Cross equation.
RESULTS AND DISCUSSION
Micrographs of the surface of a chitin film 100 µm in thickness are shown in Figs. 1a and 1b . This film has a smooth planar surface; at greater magnification, the extended particles, nanofibrils with a cross sectional size of 15-20 nm and a length of 400-500 nm are clearly seen (Fig. 1b) . Figures 1c-1f show micrographs of chitin powder particles obtained via lyophilization of the aqueous dispersion. Figures 1c-1e show that the microparti cles have a band structure with a cross sectional size of about 30 µm and a thickness of 0.1 µm. The bands comprise nanofibrils 25 nm in width and 400-500 nm in length (Fig. 1f) , a circumstance that coin cides with the data on the film samples. Similar val ues of the dimensions of chitin nanofibrils were given in [13] [14] [15] .
The internal structure of chitin nanofibrils was investigated via the X ray diffraction method. The X ray diffraction pattern of the chitin nanofibril powder is presented in Fig. 2 , curve 1. The presence of intense diffraction maxima testifies the crystalline structure of α chitin with lattice constants of a = 0.473 nm, b = 1.899 nm, с = 1.025 nm, an outcome that coincides with the data of [10, 16] . Cross sec tional size b of the crystal cell is substantially greater than a, a result that is apparently due to the presence of the ⎯NH-CО-CH 3 side group in the macromol ecule. The macromolecules in the cell of this crystal line modification of chitin are antiparallel to each other. The average size of the coherent scattering region (crystallite) determined for the integral width of the diffraction maxima is L = 12.5 nm. The crys tallite size in the b axis direction for the 020 reflec tion with the use of Scherrer equation was estimated at L = 11.1 nm; however, in this case, it should be remembered that the 020 reflection on the X ray dif fraction pattern is overlapped (not resolved) by quite an intense 011 reflection, a circumstance that leads to an increase in the apparent width. The given esti mate can be considered the lower limit of the crystal lite size. The crystallite size in the direction of the с axis, i.e., in the direction of the axis of the macro molecule, cannot be determined on the X ray reflec tion diffraction patterns of the powder or the film, because of the absence of a clear 002 reflection or its greater orders. At the same time the X ray transmis sion diffraction patterns of the film have relatively sharp 002 and 004 reflections, a circumstance that testifies the crystallite size in this direction (about
